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THE INFLUENCE OF LONG TERM SOUND STRESS
ON HISTOLOGICAL STRUCTURE OF IMMUNE ORGANS
IN BROILER CHICKENS
ABSTRACT: The aim of this paper was to examine the effect of different duration
sound stress on immune organs of broiler chickens of different age. Nine groups, with 10
chickens in each group were included in experiment. The histological structure of bursa of
Fabricius, thymus, and spleen were analyzed. The results indicated that the bursa of Fabri-
cius, in relation to the other examined organs, was the most sensitive to this kind of stress.
Histological changes of spleen and thymus were also observed, but less prominent except in
chickens after more than 30 days of exposure to stress. According to our results, degree of
histological changes of immune organs under the influence of sound stress depends on the
length of exposure and age of chickens.
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INTRODUCTION
Stress is the reaction of the organism to stimulus, which disturbs physio-
logical equilibrium, usually with harmful consequences. This disturbance of
homeostasis has resulted in changes in the concentration of large number of
different hormones that have a crucial role in the regulation of immune system
function.
The link between neuroendocrine and the immune system, is first reflec-
ted in the existence of receptors for a number of chemical mediators in im-
mune cells. These chemical modulators, actually hormones, are ACTH, glu-
cocorticosterids, vasoactive intestinal peptide (VIP), substance P, prolactin,
growth hormone, sex steroids, catecholamine, acetylcholine, releasing hormo-
nes, and opioid molecules (K h a n s a r i et al., 1990).
Immunomodulatory effect of these hormones can be direct, when they af-
fect biochemical reactions that are responsible for cell proliferation, differen-
tiation, and their functions. In addition, indirect influence is reflected in the
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modulation of production and/or activities of lymphokines and monokines
( M u n c k et al., 1984; J o h n s o n and T o r r e s, 1985; O o i et al., 1987).
Furthermore, in stress reaction autonomic nerve system (ANS) is acti-
vated. Importance of that system is in his connection with lymphoid organs,
which are innervated by ANS. In that way, ANS is involved in process of im-
munomodulation (A c k e r m a n et al., 1989; A c k e r m a n et al., 1991;
F e l t e n and F e l t e n, 1991; V i z i et al., 1995).
Results of different investigations show that stress in broiler chickens has
significant influence on immune system and immune organs. L a z a r e v i ã et
al. (2000) reported that sound stress has immunosuppressive effects on broiler
chickens. Heat stress has also led to significant immunosuppression in broiler
chickens (A l - G h a m d i, 2008). Social stress induces decreasing ratio be-
tween weight of bursa of Fabricius and body weight (M o h a m e d and
H a n s o n, 1980). Investigating the nutritional stress on the bursa of Fabricius
and thymus of chickens G r i f f i t h s et al. (1985) point out that stress in-
duces thymus atrophy and reduction in bursa of Fabricius weight. Chickens
exposed to stress promoted by vaccination and overpopulation had smaller
weight of the bursa of Fabricius, thymus and spleen compared to control group
(A w a d a l l a, 1998). P a r d u e et al. (1985) investigated influence of high
temperature on broiler chickens and point out that thermal stress decreased
weight of bursa of Fabricius and spleen. ACTH infusion induces decreasing of
bursa of Fabricius weight in chicken. Same response of that organ was ob-
served in Gallus domesticus after implantation of pellets with corticosterone
and cholesterol (D a v i s o n et al., 1985). In addition, exogenous cortisol and
treatment with combination of cortisol and thermal stress decrease Bursa of
Fabricius and spleen weight in broiler chickens (B r a k e et al., 1988).
The aim of our investigation was to estimate the influence of long-term
sound stress on morphology of immune organs (thymus, spleen, and Bursa of
Fabricius) in broiler chickens.
MATERIALS AND METHODS
The experiments were conducted on 90 HYBRO broiler chickens, divided
into nine groups (each group consisting of 10 birds) as follows:
C1—15 — control (non exposed) group
O1—15 — chickens exposed to the sound stress from 1st to 15th day of life
C1—30 — control (non exposed) group
O1—30 — chickens exposed to the sound stress from 1st to 30th day of life
O15—30 — chickens exposed to the sound stress from 15th to 30th day of life
C1—45 — control (non exposed) group
O1—45 — chickens exposed to the sound stress from 1st to 45th day of life
O15—45 — chickens exposed to the sound stress from 15th to 45th day of life
O30—45 — chickens exposed to the sound stress from 30th to 45th day of life
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The control and exposed chickens were kept in two different buildings
under same conditions of temperature, light, humidity, and number of birds per
m2. They were fed ad libitum and had free access to water. According to the
experimental schedule, chickens were moved from the building without noise
to the building where they were subjected to sound stress. The chickens were
exposed to sound stress in sound attenuated building using a fire alarm bell
(95 dB) for stress sessions lasted 120 min., every day. The bell was program-
med to ring for 5 sec in a variable interval schedule (5 to 115 s) through sig-
nals generated by PC software.
Every 15 day, birds were sacrificed as show in above schedule. For histo-
logical investigation samples of thymus, spleen and bursa of Fabricius were
fixed in Bouin solution for 24 h, and after standard histological procedure of
dehydration, organs are embedded in paraffin. Serial cuts, 5 mm thickness,
were made by microtome and stained with hematoxylin and eosin. Histological
analysis was performed with light microscope Leica DLMS connected with ca-
mera (Leica DC-300). Software for image analysis was IM 1000 (Leica Ima-
ging Systems Ltd, Cambridge, UK).
RESULTS
Bursa of Fabricius
The typical changes of bursa of Fabricius in all groups of chickens
exposed to sound stress are reflected in the follicles atrophy and increase of
connective tissue (Figure 1A-F).
The degree of changes was in direct correlation with the duration of
exposure to sound stress. In the group that was exposed to stress from day 1
to day 45 a complete atrophy of lymph follicles, the large amount of connec-
tive tissue and appearance of cysts in epithelium was observed.
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Thymus
The chronic action of sound stress did not cause significant changes in
the histological structure of thymus. Discrete changes are observed only in the
group of chickens that was exposed to chronic sound stress from 1st to 30th
day of life (Figure 2A-B). Thymus of these animals is characterized by the
presence of a larger number of macrophages in the cortex and the more deve-
loped connective tissue, but the basic structure of organ was unchanged.
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Fig. 1 — Microphotographs of chicken bursa of Fabricius (A — control group,
15 days old; B — sound stress from day 1 to day 15; C — control group, 30 days old;
D — sound stress from day 1 to day 30; E — control group, 45 days old; F — sound
stress from day 1 to day 45 (HE; 150x)
Spleen
The changes in histological structure of chicken spleen exposure to chro-
nic sound stress, like in thymus, were not significantly expressed. At the lar-
gest number of chickens, spleen was without changes and the follicles deve-
lopment degree was in accordance with their age (Figure 3). The only change
was observed in chickens exposed to sound stress from day 1 to day 30.
Spleen of these animals was characterized by a smaller number of follicles and
less developed of periarteriolar lymphoid sheath (PALS) (Figure 3).
DISCUSSION
Histological analysis of broiler chickens immune organs showed signifi-
cant differences in structure of bursa of Fabricius in chicken groups exposed to
chronic sound stress. In younger chickens, changes were slightly expressed
and reflected in the better-developed connective tissue. However, in older chic-
kens, changes were intensive, and reflected in the progressive reduction of the
lymphoid follicles size, increasing of connective tissue amount and appearance
of the cyst in both epithelium and in the follicle.
On the base of our findings could be concluded that bursa of Fabricius is
very sensitive organ to the sound stress. In accordance with our findings are
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Fig. 2 — Thymus of 30-day-old chicken. Control (A) and chicken exposed to sound stress
from day 1 to day 30 (B) (HE; 150x)
Fig. 3 — Spleen of 30 day old chicken (A) and spleen of chicken exposed to sound stress
from 1st to 30th day of age (B) (HE; 150x)
the results of other authors who have examined the impact of social stress
(M o h a m e d and H a n s o n, 1980), nutritive stress (G r i f f i t h s et al.,
1985), stress caused by vaccination (A w a d a l l a, 1998) and thermal stress
( P a r d u e et al., 1985; B r a k e et al., 1988) on the bursa of Fabricius; they
point out that stress induces atrophy of that organ which was reflected by or-
gan weight decreasing. Stock densities, also, have effects on the bursa of Fa-
bricius structure (M u n i z et al., 2006).
Our results point out that duration of stress has significant influence on
degree of histological changes. What was obvious in comparison of its histolo-
gical changes in groups exposed to stress 15, 30, and 45 days. Higher degree
of follicular atrophy was in groups that were exposed to sound stress in longer
period. In addition, age of chicken had influence at the degree of histological
changes of bursa of Fabricius. At the same duration of sound stress, older
compared to younger chickens have much more prominent structural changes
of the bursa of Fabricius.
These results confirm that the sound stress causes immunosuppression.
We assume that the basic mechanism of action of all kind of stressors on the
immune system is basically the same, what result in immunosuppressive action
of glucocorticoids on this system.
Researching the effects of glucocorticoids on the bursa of Fabricius,
C o m p t o n et al. (1990) found that dexamethasone causes regression and re-
duction in its cell activity. These authors also found that the regression of bur-
sa of Fabricius was a consequence, first of programmed cell death (apoptosis)
activated by steroids, and second as a consequence of the migration of lym-
phocytes from the tissue caused by action of dexamethasone.
Unlike the bursa of Fabricius, chronic sound stress caused less prominent
changes of thymus structure. Higher degree of follicular atrophy was noticed
in chickens longer exposed to sound stress. In thymus tissue were found the
larger number of macrophages and higher amount of connective tissue in chic-
kens of the age of 30 days than in control animals.
Atrophy of chicken thymus, which is in connection with reduction of or-
gan weight, is found in nutritive stress (G r i f f i t h s et al., 1985). Reduction
of thymus weight was also found in the chickens exposed to stress due to vac-
cination and overpopulation (A w a d a l l a, 1998). These finding indicate that
stress affect the thymus, as the primary immune organ, but that the degree of
its change depends of animal strain, type of stressor, the length of exposure, etc.
Increase of macrophages number and increase in amount of connective
tissue in chickens thymus in our experiment indicate that the thymus react to
stress. These findings are in accordance with the results of C o m p t o n et al.
(1990), which indicate the important role of macrophages in the inactivation of
lymphocytes after glucocorticoides treatment.
Like in thymus, changes in the spleen structure of chicken exposed to
sound stress were not significantly expressed. In the largest number of animal,
spleen normal structure is preserved, and development of follicles is in accor-
dance with age of chickens.
The only deviation in spleen structure in chickens exposed to sound stress
observed at the age of 30 days. In these animals, spleen is characterized by a
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smaller number of follicles and less developed PALS. Stress caused by vacci-
nation and overpopulation, as well as high temperature, were resulted in the
reduction of the spleen weight of broiler chickens (P a r d u e et al, 1985;
A w a d a l l a, 1998). Researching the impact of stress on the spleen, D a v i -
s o n et al. (1985) found that ACTH infusion causes reduction of spleen
weight. In addition, treatment with cortisol and cortisol in combination with
the heat stress causes the reduction of body mass in broiler chickens (B r a k e
et al., 1988).
Histological changes in the spleen showed a lower sensitivity of this or-
gan on sound stress compared to the Bursa of Fabricius, which is in fully
agree with the results of experiments that are performed by C o m p t o n et
al. (1990). They showed that organs where mature lymphocytes were located
are less sensitive on the influence of glucocorticoides.
CONCLUSION
Chronic sound stress causing significant changes in histological structure
of bursa of Fabricius in broiler chickens. These changes are reflected in the
follicles atrophy, development of connective tissue and appearance of cysts in
epithelium and in the follicles.
In broiler, thymus exposed to sound stress, minor changes are visible,
exactly increasing number of macrophage and more connective tissue then in
control group at 30 days of age.
In the same period, minor changes were observed in the spleen structure
of broiler chickens exposed to sound stress then in control group. These chan-
ges are shown by smaller number of follicles and less developed of periarterio-
lar lymphoid sheath (PALS).
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Rezime
Ciq rada je da se ispita uticaj zvuånog stresora na imunološke organe
brojlera koji su bili izlagani u razliåitim uzrastima i razliåitom trajawu
stresora. Formirano je devet grupa, a svaka grupa je imala po 10 piliãa. Ispi-
tivana je histološka graða Fabricijeve burze, grudne ÿlezde i slezine. Rezul-
tati ukazuju da je Fabricijeva burza, u odnosu na ostale ispitivane organe, naj-
osetqivija na delovawe ove vrste stresora. Promene se uoåavaju i kod grudne
ÿlezde i slezine, ali su mawe i javqaju se nakon izlagawa stresoru više od 30
dana. Stepen promena u histološkoj graði imunoloških organa pod uticajem
zvuånog stresora zavisi od duÿine izlagawa kao i uzrasta piliãa.
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